Abstract: The objectives of this study were to assess profit and to document phenotypic and genetic trends for profit in Holstein dairy cows of Iran. A total number of 219 507 first lactation cows with performance records from 569 herds were used to calculate profit per cow per year. Economic data sources used for calculations were from three large dairy farms representing the marketing circumstances of Iran during the 12 yr study period (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). Variance components were estimated using the average information restricted maximum-likelihood procedure based on an animal model. An average cow of the population had its first calving at 25.4 mo of age, produced 7616.9 kg of milk in its first lactation, and generated a net profit of $1096.20 US per year. Profit calculated as a phenotype for each individual cow had a moderate heritability of 0.22, but our data did not support profit as an alternative to selection based on an economic selection index. The phenotypic and genetic trends for profit were −$44.43 US and $5.33 US per cow per year, respectively. The genetic trend was linear, whereas the phenotypic trend showed two peaks and three valleys. Our results show that in spite of an undesired phonotypic trend for profit driven by fluctuations in the Iranian economic circumstances, the genetic trend was favorable and can be attributed to the importation of semen from western countries.
Introduction
Holstein cows are the main dairy breed in Iran where they are raised under intensive production systems increasing over time in both farm number and size. Approximately 1 million Holstein cows have been registered, which represent only 12.5% of the total national cattle population, but they produce more than 90% of milk sold on the free market (Sadeghi-Sefidmazgi et al. 2012) .
The breeding objective in dairy cattle is to increase profit per animal. Profit can be defined as a function of production, durability, health, and reproduction traits (Miglior et al. 2005) . There has been a concentrated effort to increase milk production per cow in Iran for the last three decades as confirmed by previous studies on genetic trends for yield traits (Razmkabir et al. 2009; Sahebhonar et al. 2011; Khorshidie et al. 2012) . Increasing genetic potential for milk yield has been accompanied by a higher occurrence of health and fertility problems worldwide (Pryce et al. 1997) . Antagonistic relationships among production, health, and fertility traits have given cause for concern, not only because the efficiency of production is reduced by higher incidences of diseases, but also due to animal welfare issues (Conington et al. 2010) . In Iran, little is known about genetic changes in health and fertility traits; among health traits, only somatic cell count (Faraji-Arough et al. 2012; Chegini et al. 2013 ) for health and age at the first calving or calving interval (e.g., Ansari-Lari et al. 2009; Faraji-Arough et al. 2011) for fertility have been investigated. These have shown undesirable trends due to indirect selection or as correlated responses to genetic gain in yield traits.
Genetic merit of breeding cattle for the profitability of their progeny can be indirectly predicted by combining estimated breeding values (EBVs) of individual traits into an overall index of economic merit (Shook 2006) . In this approach (selection index prediction), several components of the breeding objective are combined into an aggregate profit index and differences in genetic parameters between traits in the breeding objective are taken into account (Kahi et al. 2007) . Although selection index prediction of genetic merit for overall profit is the industry choice worldwide (Groen et al. 1997; Miglior et al. 2005) , dairy farmers in Iran widely use independent culling levels in the selection of imported semen and when culling cows. This selection is mainly based on milk yield and type traits (Sadeghi-Sefidmazgi et al. 2009 ).
The profitability for individual cattle can also be calculated and used to estimate an EBV for a calculated profit phenotype directly. This approach (direct prediction) ignores the differences in genetic parameters between components of profit but compensates for this loss in efficiency by the advantage of having a single trait for analysis (Visscher and Goddard 1995; Kahi et al. 2007 ). In dairy cattle, there are few studies that have directly analyzed profitability and determined its relationships with other traits of economic importance and its suitability as a direct predictor of genetic merit (Visscher and Goddard 1995; Alenda 2002, 2003) .
The current Iranian breeding program for Holstein dairy cattle is not based on a genetic selection index. The applied approach (independent culling levels) is unlikely to be optimal because genetic relationships among traits and their economic values are not taken into account. It is also well known that use of independent culling levels is a highly inefficient form of selection, particularly when there are multiple selection criteria. There is also a lack of information on genetic trends for functional traits such as longevity, health, and reproduction traits. To monitor and evaluate selection programs under current circumstances, estimation of the genetic trend for profit might provide dairy producers with a more tangible criterion upon which to base their genetic selection decisions as well as providing the funders of research with knowledge of the economic benefits of genetic improvement (Pryce et al. 1997) .
Therefore, the aims of this study were (i) to assess profit for the first lactation Holstein dairy cows of Iran as a potential single phenotype for genetic evaluation and selection, (ii) to estimate (co)variance components and heritability for this profit phenotype, and (iii) to document phenotypic and genetic trends for profit in the first lactation Holstein dairy cows in Iran over a 12 yr period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , using an animal model analysis.
Materials and Methods

Data
The initial production and reproduction record files included 348 645 first lactation Iranian Holstein dairy cows that calved during the period 2000-2011. These were obtained from the database of the Animal Breeding Center of Iran (ABCI, Karaj, Iran). Original files were edited to obtain appropriate data sets for the statistical analyses. The data were from 569 registered Holstein herds. Editing was performed to ensure both reliability and consistency for the statistical analysis: (i) the data from herds with at least 20 observations per year were used, (ii) the records associated with ambiguous calving dates, incorrect evaluation dates, age at first calving outside 20-38 mo, and 305 d milk yield outside 2 500 -14 000 kg were excluded from the analysis, and (iii) only daughter records from sires with a minimum of 20 daughters in at least five herds were considered for the parameter estimation. Following these edits, a total number of 219 507 records were eligible for statistical analysis.
The pedigree file included animals in the data file and eight generations of their ancestors. It should be noted that pedigree information of 1 555 702 registered Holstein cows and bulls, collected by the ABCI from 1971 to 2011, was used in this study. Bull semen imported to Iran is mainly from North American countries as well as Europe. The importer companies have provided AI bull pedigree information to the ABCI. However, the available pedigree did not include all international sires with relatives in Iran and so the pedigree is not fully complete in this regard. A brief structure of the pedigree calculated using the CFC software (Sargolzaei et al. 2006 ) is in Table 1 . Descriptive statistics of biological variables considered for calculation of profit are summarized in Table 2 .
Economic data sources used for calculation of profit were collected from three large dairy farms in the Isfahan province of Iran, either by questionnaire or by estimation of cost and revenue modeling. These data represented the economic environment of dairy farms in Iran from 2000 to 2011. Yearly average values of each economic parameter were used to calculate individual profit by calving year. Descriptive statistics of unit prices and costs considered for calculation of profit are summarized in Table 3 .
Calculation of profit
Individual profit per cow per year (P i ) was calculated for the first lactation cows. The P i was defined as the difference between returns (R i ) and costs (C i ) as follows:
where PCM is the productive cow mortality rate so that (1 − PCM) is the proportion of cows that survive each year; LMY is lactation milk yield; mp is milk price ($ per kg); SB is stillbirth rate; CM is calf mortality rate so that (1 − SB) × (1 − CM) gives the number of surviving offspring per cow; CICR is the involuntary culling rate of calves from birth to 3 mo of age (the same for bull and heifer calves); 0.5
the proportion of bull and heifer calves sold at 3 mo age and assuming an equal sex ratio; bcp is the bull calf price ($ per calf); hcp is the heifer calf price ($ per calf); 0.2 is an assumed culling rate for the first lactation cows; ccop is the culled cow price ($ per head); LMAY is lactation manure yield calculated as (LBW × 0.075) × CI that LBW is live body weight and is assumed to be 590 kg for the first lactation cows, and 0.075 representing a proportion of LBW that a cow produces manure per day, and CI is calving interval (d); pma is manure price ($ per kg); mc is milk cost including feed costs and other costs such as labor, veterinary, housing, fuel, and insurance costs ($ per kg); crc is the calf rearing costs ($ per calf), and assumed costs for stillborn calves and dead calves are 0.25 and 0.5 of total surviving calf rearing costs, respectively; hrc is the replacement heifer rearing cost ($ per heifer). The term 365/CI was used to express R i and C i per cow per year.
To account for high levels of inflation when comparing estimated profit across the study period, discounted profit (DP) was calculated by accounting for an annual discount rate (r) as
where P i is the calculated profit in year i and t is the base year taken as 2011. An average annual discount rate of 19% (values ranged between 18% and 20%), which represents the true interest cost in Iran for the period of 2000-2011, was used in the calculations (CBI 2011). The currency used in Iran is the Rial (IRR). However, costs and prices were converted and expressed in US dollars assuming an exchange rate of $1 US = 16 000 IRl for the base year of 2011.
Model
Heritability and genetic parameters for the trait individual cow profit were estimated using the restricted maximum-likelihood procedure based on a single-trait animal model through the DMU version 6, release 5.2 package (Madsen and Jensen 2007) . A preliminary analysis of data with a generalized linear model was first used to identify significant fixed effects with SAS version 9.1 software (SAS Institute Inc. 1999). The fixed effects of herd-year-season of calving as a classification variable and age at first calving (linear and quadratic) as covariate effects were considered in the final model for genetic evaluation:
where y ijkl is the individual profit of cow k; μ is the overall mean; HYS i is the fixed effect of the i-th herd-year-season of calving (herd had 569 levels, years of calvings were from 2000 to 2011, and seasons of calvings were January to March, April to June, July to September, and October to December); AFC j is covariate effect of age at first calving; b 1 and b 2 are linear and quadratic coefficients, respectively, of regression for age at first calving; a k is the random effect of cow; and e ijkl is the residual random error. To estimate the correlation between each sire's total economic merit genetic indices with their daughter's phenotypic profitability, calculated profit for each cow was corrected for the fixed effects in the model using the significant fixed effects solutions obtained from the parameter estimation procedure. Thereby, leastsquares means of profit for each sire with more than 20 daughters were calculated using these adjusted records. Also in this study, the correlations between each sire's total economic merit genetic indices with individual trait EBVs for sires were investigated. Each sire's total economic merit genetic indices including Net Merit $ and Total Performance Index were obtained from USDA Animal Improvement Program Laboratory bull proofs released in December 2011 corresponding to the period of phenotypic data available. Correlation analyses were performed with the CORR procedure in SAS.
Results and Discussion
Profit calculation
Descriptive statistics of the parameters used for the calculation of profit are shown in Table 4 . The average profit was 1096.19 ($ per cow per year) and was obtained as the difference between the average returns of Note: mp, milk price; ccap, culled calf price; bcp, bull calf price; hcp, heifer calf price; ccop, culled cow price; pma, manure price; mc, milk cost; crc, calf rearing cost; hrc, replacement heifer rearing cost. Table 2 .
Returns from an average cow were 3266.22 ($ per cow per year) from milk sales, 502.82 ($ per cow per year) from calf sales, 205.13 ($ per cow per year) from culled cow sales, and 209.56 ($ per cow per year) from manure sales. Milk sales with 78.06% of total returns was the most important source of returns. Then calf sales, manure sales, and culled cow sales with 12.01%, 4.90%, and 5.01%, respectively, were the main sources of total returns. This result was in agreement with Lin and Allaire (1977) , Norman et al. (1981) , Tigges et al. (1984) , and Pérez-Cabal and Alenda (2002) who identified milk sales as the main source of returns per dairy cow. In Iranian dairy farms, feed and nonfeed (including labor, veterinary, breeding, housing, fuel, and insurance) costs were not systematically recorded. For this reason, feed and nonfeed costs were not presented separately in the study but instead jointly incorporated into the production cost per kilogram of milk. Milk production costs ($ per kg), calf rearing costs ($ per calf), and replacement heifer rearing costs ($ per heifer) were the main sources of costs, respectively (Table 4) .
Profit as a phenotype for genetic evaluation
Profit had a moderate heritability of 0.22, and this fits into the reported range of 0.09-0.25 in the literature (Visscher and Goddard 1995; Smith et al. 1998; Alenda 2002, 2003) . These authors suggested that profit could be treated as a trait per se in future breeding programs to achieve a desired direction of genetic progress. However, our data did not support the idea; correlations between least-squares means of daughter profit for sires and their total economic merit selection indices (such as Net Merit $ and Total Performance Index) were very close to zero and not significant (P > 0.1; results were not shown). The weakness of the correlation may be due to the fact that the sires used in Iran have been highly preselected for key traits influencing profitability in Iran. Furthermore, genetic selection indices used in the USA place greater emphasis on milk component yields and cow fertility as opposed to the high emphasis on milk volume yield to drive profitability on Iranian dairy farms (SadeghiSefidmazgi et al. 2012 ).
Phenotypic and genetic trends Figure 1 shows the phonotypic trend for yearly means of the first lactation cows for profit during the years 2000-2011. The overall linear trend was downward by −$44.43 US per cow per year while showing two peaks and three valleys. There were large fluctuations in Iranian milk prices as well as calf or meat prices over the studied years. Milk and calf profit phenotypic trends (US$ per cow per year) as the main sources of income are shown in Fig. 2 . Net returns from milk production were more stable than those from calf rearing over the investigated period.
The average EBV of profit for all animal (381 308) in the pedigree was plotted by calving year (Fig. 3) . The genetic trend of profit was $5.33 US per cow per year and was linear. This positive trend can be explained in part by intensive selection for high producing milking cows during past years as genetic trends for yield traits have already been shown in the previous studies (Razmkabir et al. 2009; Sahebhonar et al. 2011; Khorshidie et al. 2012) .
Importation of bull semen is the sole driver of genetic improvement in Iran. Although importation rules are not based on a given breeding objective as has been previously proposed (Sadeghi-Sefidmazgi et al. 2012) , the obtained results in the study show that the importation policy has been successful despite severe market fluctuations. In spite of a positive genetic trend for profit, the phenotypic trend was negative through the period for which data were available reflecting a deterioration of pricing conditions for dairy farmers in Iran. These results provide dairy farmers with useful information on the economic benefits of their genetic selection decisions. However, to monitor and evaluate selection programs, more data and information are required to estimate genetic trends for functional traits such as longevity, health, and reproduction traits.
Conclusion
In spite of an unfavorable phonotypic trend for profit due to fluctuations in the Iranian economic circumstances, a positive genetic trend for profit can be attributed to the importation of semen from western countries as the only genetic improvement tool in Iran. Profit had a moderate heritability (0.22), but it should not be used as an alternative to the use of an economic selection index. However, genetic evaluation for profit as a trait per se might be used to provide dairy farmers general useful information on the economic benefits of their genetic decisions.
